1. Introduction {#sec1}
===============

It is well known that physical activity has the health benefit, even in the elderly, when many physiological functions are in decline, and it reduces susceptibility to chronic diseases of the cardiovascular and other systems \[[@B1], [@B2]\]. Recommendations of exercise for older persons differ and depend on individual needs and abilities which should be matched with the type of activity, in terms of intensity, duration, and frequency of exercise \[[@B3]--[@B6]\].

According to the free radical theory of ageing, reactive oxygen species (ROS) generated during physiological processes, mainly in mitochondrial electron transport, can oxidize lipids, proteins, and DNA molecules, resulting in oxidative stress, because the antioxidant potential (the enzymatic as well as the nonenzymatic system) is insufficient to prevent these impairments \[[@B7], [@B8]\]. The greater the ROS generation, the more the concentration of protein carbonyls and products of lipid peroxidation---isoprostanes and malondialdehyde (MDA) increase \[[@B7], [@B8]\]. On the other hand, it was established that reactive oxygen species play an essential role in cellular homeostasis as signaling molecules and mediate many physiological processes \[[@B9]--[@B11]\].

It is well known that oxidative stress is an important factor contributing to the development of chronic inflammation, and there is an association between elevated inflammatory markers and chronic diseases in elderly people \[[@B12], [@B13]\]. It was established that low-grade inflammation is linked to atherosclerosis, heart failure, metabolic syndrome, osteoporosis, and dementia and may contribute to the progression of chronic diseases \[[@B14], [@B15]\]. Physical activity reduces inflammation, and even though the mechanisms are not fully explained, it is known that exercise-induced increased production of anti-inflammatory cytokines protects against chronic inflammation \[[@B16], [@B17]\].

Stessman et al. \[[@B18]\] demonstrated that even in advanced old age (85-year-old subjects), physical activity is associated with better functioning, health status, and decreased mortality. It was suggested that regular exercise may be an antiageing factor by upregulating various antioxidant systems including antioxidant enzymes \[[@B9], [@B19]--[@B21]\].

Radak et al. \[[@B22]\] observed that reaction to ROS has a bell-shaped curve, indicating that high concentration of ROS is harmful; however, moderate exercise-induced stress might upregulate anti-inflammatory processes by modulation of some transcriptional factors resulting in better resistance to oxidative stress. Oxidative stress-induced changes in redox potential cause, in consequence, the activation of gene expression \[[@B23]\].

It is well documented that in young people, physical activity increases resistance to oxidative stress but the data concerning the effect of exercise in older populations are inconsistent \[[@B19]--[@B21]\]. Undoubtedly, a methodology somewhat difficult to standardize and influenced mainly by heterogeneity of the tested group contributes to that. Therefore, the aim of this study was to determine if markers of oxidative stress and enzymatic defense system of the blood are related to physical activity in old and very old men.

2. Materials and Methods {#sec2}
========================

The research was conducted in a clinic that specialized in problems of ageing. Main aspects of the research are issues concerning finding a connection between oxidative stress and ageing. Furthermore, studies regarding the reactive forms of oxygen in etiopathogenesis of old-age diseases are performed. There is also an ongoing project dealing with the quality of life and assessment of the functional and cognitive abilities of geriatric patients. Every effort has been made to include only those who had not yet previously had any diseases influencing the diagnosed oxidative stress. None of the included patients suffered from diabetes or rheumatoid diseases. At the moment of collecting the biological material, there was no inflammation. The statistical analysis included only those patients whose anthropometric data within the selected group ([Table 1](#tab1){ref-type="table"}) were consistent with normal distribution.

The participants were divided into four groups according to the age and level of physical activity: the YN group---inactive 65- to 74-year-old males (*n* = 112), the YA group---active males of the same age (*n* = 46), and the ON (*n* = 128) and OA groups---inactive and active 90- to 99-year-old males (*n* = 41). Active males in both age groups reported that they have engaged in physical activity (e.g., long walks, fitness exercises, gymnastic, swimming, Nordic walking, team games, or other recreational exercises) every day in the past 12 months. The physically inactive groups included subjects who did not engage in any moderate leisure time physical activity (LTPA) in the period of the last 12 months. The only active people participating in the study were those who fulfilled the recommendations of the ACSM (American College of Sports Medicine) position stand. These recommendations can be met through 30 minutes of light to moderate intensity exercise at a minimum of 5 times a week.

The active 65- to 74-year-old males who participated in the study were engaged in moderate leisure time physical activity (LTPA) 12.4 ± 0.9 METs × hour/week (or 744 ± 54 METs × minutes/week), whereas the active 90- to 99-year-old males were engaged in moderate leisure time physical activity (LTPA) 10.4 ± 1.1 METs × hour/week (or 624 ± 66 METs × minutes/week). Physical activity of the tested group was assessed in a subjective manner with the use of SDPAR (Seven-Day Physical Activity Recall) questionnaire, which estimates the physical activity in MET units---MET minute/week (1 MET = 3.5 ml O~2~/kg of body weight/min = 1 kcal/kg/hour = 4.184 kJ/kg/hour). The results allow for a classification of those questioned to one of the three categories of physical activity: low (under 600 MET min/week), average (600-1500 MET min/week), or high (over 1500 MET min/week). The questionnaire assesses the total weekly energy expenditure spent on all types of physical activity. It allows for a distinction between the intensity of efforts being either average or intensive \[[@B24]--[@B26]\].

All those who smoked tobacco or drank alcohol were excluded from the selection process of participants for our study.

This project was approved by the Bioethics Commission of Nicolaus Copernicus University in Torun (no. KB 340/2015).

Venous blood was collected from the subjects in the morning before breakfast into heparinized and nonheparinized tubes, and both samples were centrifuged for 10 min at 2500 rpm. The obtained erythrocytes were washed three times in cold 0.9% NaCl. After washing, the erythrocytes were diluted at the ratio of 1 : 1 with twice-distilled water and refrigerated at -70°C pending measurements of antioxidant enzyme activities and malondialdehyde (MDA) concentration. Before analysis, the erythrocyte hemolysates were defrosted and centrifuged for 5 min at 2000 rpm. Antioxidant enzyme activities were measured in the erythrocyte hemolysates. The activity of superoxide dismutase (SOD, EC1.15.1.1) was measured according to the method by Misra and Fridovich \[[@B27]\]. The increase of absorbance was measured at *λ* = 480 nm in relation to the reaction of inhibition of adrenaline autooxidation by SOD in pH = 10.2. The unit of SOD activity (U) was the amount of enzyme, which repressed adrenaline autooxidation by 50%, calculated per g of Hb (U/g Hb). The glutathione peroxidase activity (GPx, EC 1.11.1.9) was measured using Paglia and Valentine\'s method with *tert*-butyl as a substrate and with glutathione reductase transforming the oxidized glutathione into its reduced form \[[@B28]\]. The measure of enzyme activity was the reduction of absorbance at *λ* = 340 nm. The unit of enzyme activity (U) was the amount of enzyme, which caused oxidation of 1 *μ*mol NADPH in 1 min at 25°C. The activity of GPx was expressed in U/g Hb. The catalase activity (CAT, EC 1.11.1.6) was measured according to Beers and Sizer at *λ* = 240 nm at 25°C \[[@B29]\]. The unit of CAT activity (U) was taken to be the amount of the enzyme, which decomposes 1 g of H~2~O~2~ in 1 min at 25°C in pH = 7.0. The activity of CAT was expressed in U/g Hb. The glutathione reductase activity (GR, EC 1.6.4.2) was assayed at 37°C using the method proposed by Flohé and Günzler, which is based on the measurement of decrease of absorbance at *λ* = 340 nm, caused by oxidation of NADPN in the presence of oxidized glutathione \[[@B30]\]. The unit of enzyme activity (U) was the amount of enzyme, which oxidized 1 *μ*mol of NADPH in 1 min. The enzyme activity was expressed as U/g Hb.

Isoprostanes were designated in plasma using the commercial kit ELISA (Assay Designs ADI-901-091, USA).

Carbonyl groups were determined using ELISA kit for the in vitro determination of protein-bound carbonyls in human serum and plasma from Immundiagnostik AG K 7870, Germany.

The MDA concentration was assayed according to Placer et al. \[[@B31]\] in an erythrocyte hemolysate diluted with distilled water at the ratio of 1 : 50. After the reaction of the hemolysate with thiobarbituric acid in a boiled water bath, the specimens were centrifuged at 1200 rpm for 15 min. During the reaction that occurred in the acid environment in the increased temperature, a colour compound is made, the intensity of which was measured spectrophotometrically at 532 nm. The absorbance was measured at *λ* = 532 nm, and MDA concentration was expressed in *μ*mol/g Hb.

The results were presented as a mean ± standard deviation (SD). Intergroup differences and the impact of the main factors of variation were estimated using ANOVA and Tukey\'s test for different numbers of cases in the groups. All calculations were performed using Statistica 12.0 (StatSoft, USA). The level of significance was set at *p* \< 0.05.

3. Results {#sec3}
==========

Body mass, height, and BMI were similar in the examined groups of male subjects, aged 65-74 and 90-99 years ([Table 1](#tab1){ref-type="table"}). Although there were no significant differences in body mass and height between these groups, there was a clear tendency towards lower values of these parameters in the oldest old men compared to the younger old participants. BMI in the younger men (65-74 years old) was slightly higher than 25 indicating the preobese status according to the WHO cut-off classification \[[@B32]\].

As shown in [Table 2](#tab2){ref-type="table"}, all of the assayed antioxidant enzyme activities (CAT, SOD, GPx, and GR) and the SOD/GPx ratios were significantly higher in the active younger old males than in the inactive ones (YA vs. YN). In the group of the oldest old active males (OA), only the GPx activity was significantly higher compared to the inactive oldest old ones (ON). There were no significant differences in CAT, SOD, and GR activities and SOD/GPx ratios between the active and inactive oldest old subjects (OA vs. ON).

At the same time, the observed CAT and GPx activities in the younger old inactive men were significantly lower than those in the oldest old inactive subjects. However, in the younger old active men, CAT, SOD, and GR activities and SOD/GPx ratios were significantly higher compared to the oldest old active participants.

The concentrations of isoprostanes, protein carbonyls, and MDA were significantly lower in both groups of active men, independently of age, compared to the respective inactive subjects ([Table 3](#tab3){ref-type="table"}). Additionally, isoprostanes and protein carbonyl concentrations were lower in both the active and inactive younger old males than in the respective groups of oldest old men (YN vs. ON and YA vs. OA). There were no significant differences in MDA concentrations between both the inactive and active younger old and oldest old men (YN vs. ON and YA vs. OA).

4. Discussion {#sec4}
=============

The results concerning the age-related changes of antioxidant enzyme activities in the blood are often controversial. In our studies, antioxidant activities were always higher in active men in comparison to inactive men regardless of their age ([Table 2](#tab2){ref-type="table"}). Only catalase activities increased whereas superoxide dismutase activities decreased together with age of active and inactive men. Simioni et al. suggested that physical activity improves antioxidant defenses and lowers lipid peroxidation levels both in adult and in aged individuals. Elderly physically active individuals show antioxidant activity and lipid peroxidation levels similar to young sedentary subjects, emphasizing the importance of regular physical activity to decelerate the ageing-associated impairment process \[[@B33], [@B34]\]. In our study, in the case of other antioxidants, the activities varied depending on age and/or physical activity and as other researchers show, the results on antioxidant activities are not consistent. For example, Mecocci et al. \[[@B35]\] demonstrated that erythrocyte SOD activity increased with age and was significantly higher in the group of 81- to 99-year-old subjects compared to the younger groups (\<60 and 61-80 years of age). On the other hand, Polidori et al. \[[@B36]\] observed that SOD and GPx activities were similar in different age groups (\< 60, 61-81, and 81-99 years of age). However, Kłapcińska et al. \[[@B37]\] noted higher CAT and GR but lower SOD activities in a group of centenarians compared with younger subjects. In addition, Özbay and Dülger \[[@B38]\] observed lower erythrocyte SOD and GPx activities in a group of older subjects (57-71 years) compared to younger participants. The effect of the age-related decrease in SOD activity was confirmed by Mariani et al. \[[@B39]\] which is also consistent with our observations, but simultaneously, CAT and GPx activities were similar between participants aged 70-79 years and \>90 years. However, examining 249 healthy subjects of different ages (25-70 years), Mendoza-Nunez et al. \[[@B40]\] showed that erythrocyte GPx activity decreased with age, whereas erythrocyte SOD activity was similar in all age groups. On the other hand, compensatory changes were demonstrated in antioxidant enzyme activities, with a decrease in one enzyme activity linked with an increase in another one \[[@B41]\] Meijer et al. \[[@B42]\] demonstrated that physical activity increased antioxidant potential in both women and men aged 50 years and older. Moreover, differences in the activities of individual antioxidants presented in various publications may result from the health status of people, previous illnesses, chronic disease, family stress situations, etc. \[[@B34], [@B43]\]. So it is important to continuously update and improve our knowledge on the subject.

In the present study, it was shown that the activities of CAT and GPx were higher in the oldest old inactive males compared to the respective group of younger old subjects, but SOD and GR activities were similar. Radak et al. \[[@B22]\] stressed that increased ROS generation plays a role in the induction of antioxidant enzyme activity. Therefore, it cannot be excluded that the examined oldest old inactive male group experienced oxidative stress-induced adaptations. It has to be clearly stated that the adaptive increase in antioxidant enzyme activities was insufficient to prevent the oxidative stress, because in the oldest old group of inactive participants, oxidative stress markers, i.e., isoprostanes and protein carbonyls, were higher than in the respective younger old group, although the concentration of MDA was similar. This contradicts the study by Özbay and Dülger \[[@B38]\] examining women and men aged 9-71 years, which demonstrated that MDA concentration increased with age.

The present study showed that SOD/GPx activity ratio was similar in both groups of oldest old men, but in the group of active younger old subjects, it was higher compared to the inactive younger old men. Kostka et al. \[[@B44]\] suggested that an imbalance in this ratio results in the accumulation of hydrogen peroxide and may be an important factor of cellular ageing.

The obtained data indicates that oxidative stress increased with age, although physical activity resulted in a decrease of plasma isoprostanes and protein carbonyl concentration. In both younger old inactive and oldest old inactive men, physical activity induced higher erythrocyte GPx activity, whereas in the younger old active men, also SOD, CAT, and GR activities were higher than in the inactive subjects. The reason for the lack of exercise-induced increase of antioxidant enzyme activities (SOD, CAT, and GR) in the oldest old group of male subjects may be the volume of exercise stimuli. The level of physical activity in the oldest old participants was lower than that in the younger old ones as a result of far-reaching effects of ageing (sarcopenia, decrease of aerobic capacity, and fitness) \[[@B1]\].

In conclusion, the current study confirmed that oxidative stress is related to age, although CAT and GPx activities were higher in the inactive oldest old men compared to younger old ones. Physical activity caused a decrease in oxidative stress markers independently of the age and resulted in the increase of GPx activity in both the younger old and the oldest old groups, having a beneficial effect even in very old men. This data suggests that regular physical activity is an important factor for preserving the health status even by very old men. Undoubtedly, the different body composition, in which there is more adipose tissue, influences the lower activity of antioxidative enzymes and significantly higher concentration of examined peroxidative markers (isoprostanes, MDA, and CP) in the YN group. People from this group had higher BMI than others. As clearly stated in different works, this state is a beginning of the development of many free-radical-based diseases such as type 2 diabetes or hypertension \[[@B45]--[@B47]\]. In the case of our study, these were the exclusion criteria; however, in the long run, it may be possible for the development of those among the participants of the research.

It may be stated that the obtained results confirm the crucial part of free radicals in the ageing process which is also observed through the increased activity of the examined antioxidative enzymes and a higher concentration of peroxidative markers of protein and lipid structures \[[@B48]\]. Simultaneously, the results show that moderate physical activity significantly lowers the oxidative stress, thereby causing a better antioxidative protection of the active people \[[@B49]\].
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###### 

General characteristics of the examined groups (mean ± SD).

  Parameter                   65-74 years   90-99 years                
  --------------------------- ------------- ------------- ------------ ------------
  Body mass (kg)              81.7 ± 7.4    79.1 ± 7.5    72.2 ± 7.5   64.1 ± 5.5
  Body height (cm)            177 ± 5.2     174 ± 5.3     170 ± 4.3    158 ± 6.2
  BMI                         27.2 ± 4.1    25.0 ± 4.4    24.8 ± 3.1   22.3 ± 3.1
  Total cholesterol (mg/dl)   178 ± 14.1    185 ± 12.2    168 ± 9.4    165 ± 10.3

^∗^65-74 years: YN: inactive men; YA: active men; 90-99 years: ON: inactive men; OA: active men.

###### 

Antioxidant enzyme activities in the blood in the examined groups (mean ± SD).

  Enzyme                                                        65-75 years       90-99 years                    
  ------------------------------------------------------------- ----------------- --------------- -------------- ---------------
  Catalase (CAT) (U/g Hb)                                       14.7 ± 0.3^A,E^   18.5 ± 0.5^B^   19.3 ± 0.2     19.9 ± 0.2
  Superoxide dismutase (SOD) (U/g Hb)                           2456 ± 109^A^     2599 ± 115^C^   2335 ± 119     2495 ± 124
  Glutathione peroxidase (GPx) (U/g Hb)                         8.9 ± 0.5^A,E^    12.9 ± 0.7      9.8 ± 0.3^B^   11.4 ± 0.2
  Glutathione reductase (GR) (U/g Hb)                           32.7 ± 2.4^A^     58.3 ± 2.1^D^   32.9 ± 2.0     33.8 ± 3.8
  Superoxide dismutase/glutathione peroxidase (SOD/GPx) ratio   208.1 ± 87.1^A^   267 ± 75.9^D^   217.9 ± 45.1   232.26 ± 42.5

^A^Significantly lower in the comparison of YN vs. YA, *p* \< 0.01. ^B^Significantly lower in the comparison of YN vs. ON, *p* \< 0.05. ^C^Significantly higher in the comparison of OA vs. YA, *p* \< 0.05. ^D^Significantly higher in the comparison of OA vs YA, *p* \< 0.001. ^E^Significantly lower in the comparison of YN vs. ON, *p* \< 0.01.

###### 

Markers of oxidative stress in the examined groups (mean ± SD).

  Parameter                                  65-74 years   90-99 years                    
  ------------------------------------------ ------------- ---------------- ------------- ----------------
  Isoprostanes (pg/ml)                       555 ± 42^C^   421 ± 31^A,D^    811 ± 11      677 ± 9^B^
  Malondialdehyde (MDA) (*μ*mol/g Hb)        0.25 ± 0.02   0.23 ± 0.03^A^   0.25 ± 0.03   0.23 ± 0.01^B^
  Protein carbonyls (CP) (pmol/mg protein)   299 ± 19^C^   206 ± 11^A,D^    608 ± 20      516 ± 9^B^

^A^Significantly lower in the comparison of YA vs. YN, *p* \< 0.01. ^B^Significantly lower in the comparison of ON vs. OA, *p* \< 0.05. ^C^Significantly lower in the comparison of YN vs. ON, *p* \< 0.001. ^D^Significantly lower in the comparison of YA vs. OA, *p* \< 0.001.
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